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H 4 ) ^rfflv\ pf^Jitfti: irv^i/^) A^r^o-T 

^ n^O'^ j/^? v-r> a ( (CH3 C5 H 4 ) 

2 Mg) ^6^m^=v'^n^y^y ; xn/L,-7^v' 

^7-^ { (c 5 h 5 ) 2 M g ) «:-ttv-e*nfflt^5 a 

[004 7] ntlO^Vc?^h^2 5a7i^ptlO^>'^^ 
M2 7dlt*^l^f ^f:0*>, 04 (A) \Z 
^Ufcct 5 C, p(|Ij3 hS 2 7 d <75_btC, ^'J^L 
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LTpffl=iy^^ hS2 7 d, pI^7^KI27c, 
* 2 <Z>#V KB 2 7b, 2?-ffcB&lt « 27a, SttS 2 
6 , W 1 C0 7JV KB 25c teXXfiiM? '7 y KB 25b 

£-tt-£ 0 -T^^fe, «t£SR2 OOffl ffi 2 0 a £Rfctj£ 

[ 0 0 4 8 ] n«J^ & hB 2 5 a ^rSttb £-£fcCD 
0 4 (B) {O^Lfc£?^, 

1 3i5j:r>*niftfJ=i>^ ^ hl25 a co_h) ic, H^L/ir 
^ hJR£r^flT^fi)<;U 7t MJy^'77-fiao 

2 5 a ^ScfctJ^ig^L^^^^^ hJRc7)±) (C , #'jx_i3\ 
£illRWt-Ji!»ca£*L. U^b^i^^-x f- JTJI £ to _h 

[0 0 4 9 ] nttOffl* 5 ^r^^UTtCO^, C < H 4 
(B) (C^Lfcct (-r^^*5#6*Ji 1 3, n 

ftljn hjg2 5 a *5 £ 0< n ftlJEIfii 1 2<Z>_h) { C , @ 

fUjji^^ hi^MML, 7thUy^77-^ 

— >^/&-f£ 0 ^ co co ^ £ ITx j,^ 

4 <Z)^j£tt1t^LjttJSLfcBaP 1 3 a £^/&L, p ffl ^ >- 
^^h|27 d^^ffi^-^T^o -fft;b*>, *Sittff5 2 OCO 
^2ffi£Rffi£-£-£ 0 pW^:^ ^ hJB 2 7 d £«fcH£ 
-£7t<z>*>, ^ffi pM^ ? bM 2 7 d%$£ 

O^^L/i^u^;* h fl||co_b) ic, #,JxJ3\ H£H#ife 

T (y^h^-y) , p«ij@*l 4 «:»j«-*-So ^co<7> 

i)um^m^n^\ pwj*«i 4*5£tFntti]**i 2 

[ 0 0 5 0 ] mmMm&fr ofcco*>, Hski^LfcJ; 5> 
jaEU 7* v v y ^ 7^ j; or KJRfis 1 5 (o^mfc 

ffi (tftbtiKl 1 *5 J; tFS^ Ufr!/^ hfW 

±> #'JxJ3\ K£i!Siffj£lcJ; !?£Jg, S^B, 

(C^Lr (V7b?t7) , RJfcSP 1 5 &i&f£-r& 0 * 

£r^br£;i9, Mia 5ffi^n3t«*^*^a»<*U— 
f-'^fiS;«* 10a tci^ ^ ur 
[0 0 5 1 ] ^£*5, RlRSiSl 5 ^7^77^^!) ^ V 

S^l 1 (7>{tilOD(C, #Jx_[3\ CVDjSfe, ^itft^bf^^ 
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L4 

(Molecular Beam Epitaxy; MBE) S£fc5lM2M 
OCVD (Metal Organic Chemical Vapor Deposition 

[0052] awi si-MLfcco*), rr.rrJ:[^^ 
Lft^ri*, Iffil 1 ^#^i^-fM«i 0 a e: 
**j&£-e-r P ttij««ii 4 ofi^^-fSjtc^LrSia^^r^ 

6, l TSr^^nBStSc #5*f»JSl 6, 1 7 £ 
Tf^LTctO^, St£l 1 tf^JS:®^ 1 0 

a (c^r^^r pttiJtt*! 4 co^ r^75^i:^fT^F7r^^ 

♦Br-^fij-rs, to*5, rix*b»*Jxs^*5^rii, Us 

1 0 a <7>«»a5tC^J5S5L^t^*^. 1 5^*&tf ^ 

^b-r^^^i^^'J-rsc-^^r^scor-^^ li\ c 

ntcj:t?, H i — if i o^^^ix 

^ [0 0 5 3 ] 71 CO J; 5 tCL-rtli^Ufc**^^— !f 1 0 
13, *^J: 5(-^^^^^(-JR*ft^ixrffl^bixSo 

[0 0 5 4 ] HI67!7M1I 8 y — v^3 0 CO^^^J: 

X*Z.<D'*y tr— >>3 0 ^i^M^ttTc^^-f^^ — if 1 0 CO 

0 13, M6 tc^LTtJ: 5 t-. IfiKStS 3 l ^ niUJ^ l 

2 As^r^ptay^ffii 4 $r^ffS]^-^ria^^ixSo ccogd 

^S^3 1i3, ff!]*.!^, ^ftl/VU^^A (A IN) ^ 
^Ojffe^ftJ: 19 ^ 13 , ^f*:U"if 1 O^iE^^n^tl 
30 CO^tCli, n«ijtt«l 2 ^r*iS«-rSKj|»3 2 ^ p 
#14 ^^tt^^i 3 3 £&*:ti?timi bixr^ 
6. *E» 3 2, 3 3(3, ^^^tD^Mtci:^ 
#jSc^ttrt>So Ba»3 2coS£^St^3 1 i:K^«!J<cl3 
n«J««i 1 2 ir^Lfctegic^ffl/i 3 2a }5^jS:$ ix 

r&9 , @a«83 3coia^s^3 1 tfcttw\c\$pwmm 

1 4 ^^fj^ LfcteatC^fflB 3 3a ^fSJtlTP6 a 
■Tfeh)^, ^«fls:u~if l 0 C0n«J**l 2 i^^PBif 3 

2 a S:^LTiaS3 2 i^W^SttStl. p {RiJSflg 1 

4 3 3a ir^LrM 3 3 <h««;w^«flc$n 

[ 0 0 5 5 ] *Pt\ 0 7^5 £Tim 8 t^^Lfcct 5 tC , 
ffiK£S3 1 (ClElft^nfc**<*:U'»if 1 0 13, ^^^5r 
— v> 3 0 COF^95{ClRtt^nSo CCO/^y/r— v>3 0 
#JxJ3\ Rffi^^^S#3 4 <t *^P3W^CO*^3 5 t 

rtSBMI*, if ^ 3 6 3 4 ^-ffi^^t ITM 

^nr^(?, *5S(*U-— tf 1 0 13 ^ c03s£§-£ 3 6tciaR 
5(? itS3U^LT«l^ix5 0 ^^3 5cor^^l5^ 
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asicis, i exeat js it, ^^^^--tfi 

[ 0 0 5 6 ] 3 6lS£TlXgffc'3 4 J3 . #Jx.l;*\ 

ii£ £ 5 l:4ot^Sc 3£*Sf*3 4 (eh*, 3ci3M* 

3 4 £ imW«^/:t'y3 8 ^^95*^^-35 Id 
fpl£>oTg;ii£ia-C£5 13 , f> 3 8 £^ Lr t>^BIE^ 

[0057] ecoj: ^ctr/^^/- v>3 OlZ.l&&ft£tl 

[0 0 5 8 ] I^^t^-f 1 OTIi, ^:y^r — v>3 
0 (75 t?V 3 7&J;U< 3 8 £^ LT , ^^ftru — ifl 

ocDn wysffi 12b fJ8l®fii Hi offltejfr^GomEa* 
lie, 1 7 cD^^^mb-rtfini^n, S^f^^l 

O^feS+fciJ^tUTt U-if fc'— AO — ffl5tt, ^ 5/^" — v>3 
0 0^9 tbL&3 5 a ^^lt/'^-^3 0 C0^£[5(e 

[0 0 5 9 ] *ig#l/^f lOA^Iffcii^nfcl/ 

— i^t^-AOfdlO — SRJ* % HI 9 (e^H^cO^E^l-CTFLfc 
£51-. y 3 0 OrtM* "9 W 3 5 a 

t'l0IClot<5„ HfC i£a*#U~4f x 0 (Dlxmm 

— v>3 0 C0|^ilSic*3lNTR#t U I*i/j:oT, ^co— 
^l^^aSfrU— 1 0 MMoT< So *»ftl/-f 10 
MMoT# fc&ftti:, *3j»f*l" — if 1 0 (D&mtZ&it^X 

[0060] r.r.r\ &mm(omm\z.mz>¥-mt£i — if 

I0ri3, Stg 1 1 OftUffitcKiRfflS l 5 Sr^B^ri/^SO 
X\ ^mWis— 1 0 (c-gALfca§*co— fflliKiRWi 
sdSJSU 1 5 {c£>^r — «5^KiR$n, 

A3fe§fe£«t »9 tKJRW 1 5^:fc^TKiK£ixfc#/£l:}vh 
^f<45o J:oT, ^y>5r — v?3 OMc&tf Z&yt\$i& 
m 19 ttJ big 3 5 a 19 tb£n-5*£3tt>{g;M 

1 0 (e*5^Tt>ffittJi 2 6 

[0061] 5 \^%m<owm^%^^mw^- 
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f l Oiai-Uj;, IISllwM (M^2 0^l3i 

2 0c mU) ^I&£fS 1 5 X 0 ^ L*:CDT\ 

^ — ^3 OteiR^LT^^Tfc, *£;fc£:$<teS(5 1 5 J: 

a£#L--if i 0^:ffl^/!iKtt(!0K»f^S:BSih1-Se<h^ 

6{c5Jig-rsM3fe^<fi:«-r5r.i:^r-#. if 
/(? 1 0O»»tt£^;££^£ ~ £tf*T-#££*i::, u — if 

[oo6 2] ^t, &n-M(DBm^&z¥m&i'~+f<D 

®2 0c{flJ) (e®iR^[5 1 5 &-JT^^£ J; 5 ie LfcOT-, 

[0063] im^mm^mm) mi oit-^m^m 

co^^i P)i(cLrtet^ r. i s. J:or, e 

[ 0 0 6 4 ] ^1131^4 5 f^:, Eg^J^cOEgpSfC-^ — ^§15 4 
5 a <b LTCO^O^fflS^^J^^iXjt 1 2ft»tt^^oT^ 
So CCO-v — ^ffl54 5 a i3 , B 1 WHl^ii;^^r 
ISWbfcJ: 5t-^«<*:u-if 4 0 ^rf£^S^3 1 tz.%m 
^fclW*fl:i/-f 4 0 ^^s/^-i?3 0(7)« 
^ 3 6 CtftSi^ ^mfals-^4 0CDiiLW:fr&: 

$>Z>tz£>cr>ft]t Lt^^ bnS. ^ilii, ISl 1« 

J: ■JWjS^nT^SOK^LT. KiRffl54 5 li^r^ibco 
[ 0 0 6 5 ] rtoj: 5 te^^t^^^tc £*U£, p^ijy^ 

4 5^-7- ^fP4 5 a J: 5tCLfcC0f, S 1 CO 

-if 4 0*^y-5r-i>3 Oc75^g^3 6M«Sf£l«ft 

[ 0 0 6 6 ] /i:*5, **Jfe(7DJg1firf5. ®iRff54 5«rl 
2ft^tt^-rSr.itCj: ^ ^DXp15 X I9^S^-^SI54 5 
a ^rMt^i: Ei 1 1 U — 

5(9 if5 0COj:5(e, PiJiR^ 5 5 ^1S»<7>KJR^Sc5 5 b £ 
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[ 0 0 6 7 ] (f$ 3 <Z>HjjfcO7i0flS) |12 

^iritt)^r^5 0 cco*2»#^— 1^*6 old, ^ita 

[ 0 0 6 8 ] &JRffl5 6 5 13. #ig££:#fS]A ( p «J«* 1 
ixtC^^-r 6^i&^#c 6 5b £ cOf£cO*lD t ^^io-^rtz 

♦I cor. tr^So 

[ 0 0 6 9 ] CcdJ; 5 {c*HJfe60^^{c Kifc*5 

i$6 5 b^rftS J: 5 f^LfccoT-, « l co^Jftco^tfetc 
*5^Ttft!S L^^f)^:(r^P^T, DFB (Distributed Fe 
edback) £oT, «t 

KcOiStRtt^rK^S £ t &X$ 6 (Casey and Pan i 
sh ; "Heterostructure Lasers" Chap. 7 Academic Pre 
ss£r#BB) 0 

[ 0 0 7 0 ] (14 cO^JfecD^M) 113 tt^l^cOfS 
6. ^C0*.«frU— if 7 0^, «J|Xffi 1 5^[&^£*U 
1 co^w^tt^ra— o^jS^J; tP^Sr^T LTl/^, 

ctor, r. z\xn, l^— co«ja*9g(r(ii^— co«f 

[ 0 0 7 1 ] IK 7 1 13, #Jx.te\ F e , C u te£*&^ 
m.mt ITS A£^&6^f3?^D L^^^r -YrfcJ: 19 
M^nr^o^ «igffl5 2 0 tc3o<f £3i:fc2£:K^Tco& 

[ 0 0 7 2 ] J&Ui, *|gjfe<7>^ffi^*(f T^^lftPj 

tttt<, a^coS^^"5J«6r*>So WSJ** iitsmiT^ 

3 60*HS£(OJKffitC*5t^Tfi, KJRSI5 1 5, 45, 
5 5,6 5 ^ili)ct6fffllCO^rA#ft^^J^^ffr 

(Zn) (Pb) ftifcoftSco&JK, t7ti^:^ 
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5, 45, 55, e 5 vmrn-tzj: ^t^Lfc 

[ 0 0 7 3 ] E«r, ±E» 1 T^ 'ST 3 co«-H3feojg«(r 
teb^Tlt, ®JRS5l 5,4 5,5 5,6 5 COfl^MOl^ 
T:ftf£toft#"J£W TREE Lfcj&s, ®JR§Bttfdlco^«: 
/£? f LT^Tfc«tl\ #Jx.f±\ ffl 1 4 Lfc J: 0 v& 
MS 5^»^ofc^tt^^i-S1g«:coK«i««c8 5 b 
MJ: "9**3; ?{z. ITt) J: < . m l 5 {Z7jkl,tz X o 
tc, PiiRg 9 5 ^KiRIl^ 9 5 b 1 1 WlS^^ 

[ 0 0 7 4 ]itT, _blBmi^^m3 0^-^^^ll 
i-*5^T(i, 1 5, 4 5, 5 5, 6 5 ^1^1 1 

COftilffi (tftitffi 2 0 COM 3 ®2 0 c fIJ) |vlf^t5«^ 

itft5 2 O^ttJE^oJit^Sffi 1 1 cottJffi) co^^<i:t> — 

frft;tT\ 2 0 <nmmm<n'j>&< tt>-^^<r>^ 

KiRfflS^rKitS J: 5 tr U 1 b«tP B L , WJBa*^*^ 

^ig^ 2 0 <ontmxfaiz.&\i^Tm\M.tej3\z\<Dm£ t & 

JC? [ 0 0 7 5 ] HfC^fc, ±fs^-n^coj^Bt'^v^r^. 

m&M 2 0 ^^^t-r^ 1 i i m-r^c vit^&^m 

tfVttJ* (Ga) , 7;^ = ^ (Al) , *C>3f 

(b) ^^u^-y^^^a (in) ^>b^6i$i: vm&n 
tn 1 1 ^-^-^ h y-c Fit-erm^mm vmmn 2 

[0 0 7 6 ]^^T^/:, Ji5S«-l«S^«6^*3^r 
40 13, «ififfl5 2 0 & 1 I I iS-T-'f h 7 Y hMt"&*fc^a»#5^ 

1 cr>a«*5 J;(/f 2 COm«g^*tC«it93 2 0 ^Jf^fa 
[ 0 0 7 7 ] It:^/:, ±ia*Hife<7>JKffi^d3^T(i, 

50 m2m>n,m*mwm 2 7^v>m^m^m^x vrntft-tz 
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[0 0 7 8I iDtt^fc, iia^HJfeOTgffitC&^T 

^<Mf 5Ci'^t^5 0 2 7 a 

3rfl&x.ft< Tfc J; < , pttJttffil 4 Srfflrtfe^-fScoT-^ 

[ 0 0 7 9] sic^fc, ±ia*nssco^«R(c*5^rti, 

o^tHSLfciv MBEte-^'^-Y K&^ifcofiiico^ 
[0 0 8 1 ] 

[^^#jH:] £*_Llft9? LfcJ: o Mffsftili Mgo^ 

I*4#f£ £ 2c ^ ^^T^5i^(c. ;^X^M 

[0 0 8 2 ] fi^f 3f2if$o^^^^^£ 

[ 0 0 8 3 ] £ fc, »#*gl OlEttco^aS*«3t5R^(C 

<tn«, atsoffliffi, sts<!ott[ia5*3i:^*tsasottijffi** 

[0 0 8 4 ] Hi-. 1**311 i7|,ii 8CD^Ttl^l 
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[0ffioffim*K^] 

[ii] *«Wo^i 

[0 2i @i {^\^t^MW^—^^^Run^\mt-h^ 

[0 3] 0 l (c^Lfc**f*u--ifcr>^-S!ijtXSS:^-r 

[04] i 3 ^ii^^triiffc^ e 

[0 5] H4(c:«S<»ti£X^^^-rigir-*>S ft 

[06] 0 l (c^Ufc***u-if3a^VN(bixSI»cott 

[0 7] i l (of Lfrfi^i/-f ^fflt^ix5iott 
^ l^^tih 0T-&£ O 

[0 8] 07 (c*5t^s i - i *^feofcgfffiiar**»5 0 

[0 9] |i|ofLt^^"fWffl^f^^t5/; 
at>oH 7 tcdotf 5 I - I S[:'feofc^ffilr^6 a 
[010] «5^og2 0^1^fIt:^5M^^^ 

[011] 0 i o(of Lfc^*f*u-ifo^^iJ$:^-r 

[012] ^&m<vm3comMcDBM\z.i%&¥mwi'— 
[013] «p^coi4 (DmMcoj&mA-i&z^mwi'— 
[014] &ftmcmz*m&ftytwi*v>mffim&mi'f 
[015] *&mizmz¥m#&ft%*<ni&<n&Mm& 
[016] ft&<o*m»&?fcm*<Dm^btiz>8&<D#ti& 

[017] ^*(Dftii(D*-iS^3fe*^^ffi^^n5gRo 

4(7 [018] *agfle$&3fe5K^i: =r y ^ 

[0 19] ^*60*i»#|g3t*^^Pp l JH^«:ia^-*'6fc 

[0 2 0] *iK[c3t^A*tLfc46^(c*5*tSR*}-i:aia 

1 0, 4 0, 5 0, 6 0, 7 0-4l*L/-f 
%>%m^-) , 10a-M*l/-t'^«, 11, 7 
1, 2 11-Ii, 1 2-n||SS, 13-ftSS, 1 
50 3 a-|P, 14-plltS, 1 5, 4 5, 5 5, 6 
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ffi, 20b •••3R 2 i 
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] . 2 0c ••>% 3i, 21 •■•✓< y '7 r 



2 5 b-nS^ 7 s> KJg. 2 5c ---SB 1 CD^-T K 
/1 . 2 6"-ffittJB. 2 7-»2»lS^*<zt:«. 27 a 
■■■^-fkBSihJi, 2 7 b-f 2«7)^f^ KI, 27c-pl 
^v->Kii, 2 7 d ■■■ p ? hJg, 30, 13 
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3 1 ■■■SdKSW. 3 2, 3 3 
■^EBS, 3 4, 1 3 4 ■■■Xft 
35a, 135a, 235a 



0 , 2 3 0 ^ ^ — v\ 
■•■ifi<8. 3 2 a , 3 3 a ■■ 
#\ 3 5, 1 3 5-"3£{*\ 
■■•fc 9 fciJ Lig, 3 6, 1 3 6, 2 3 6 - «fi6> 37, 
38-t'>, 3 110, 2 10-**M 

ytm-r. 3 o o v >< — ^ u- >jx % A-&m$$Jjfa* 

M"-«3«, L1-AW1 L2-5W*, L3-"igiB* 
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27d pla^JH (pfflGaNn 

27c pS?5-> Kg CpfflAIGaN) I mm^m 
27b h'fl Cp£!GaN) f 2T * 2 **2i**fWa 

27a &<tE*ii:@ (pSAJGaN) J 

26 jSli© (undope- GaN) ^ 20 
25c 351 CD^f-f (nSGaN) 1 

25b n£j5??=r Kil (n&AIGaN) >25 S*1*BS¥8<&B 
25a nfl(=»>^irhH (nSGaN)J 

v / / /y-r^ r^ 

20a gljfi 

24 &Kf£gJg (undope- GalSI) 
23b ^rxZM 
23a fjflpffi 
P23 -?X$m <Si02) 

22 THWB Cundopa-GaN) 
21 /^;7tJB (undope — GaN) 
20c S5 3ifii 
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